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Abstract Objective To detect early signs of noise-induced hearing loss（NIHL）in military pilots without hearing
complaints. Methods Pure tone audiometry and acoustic reflex thresholds were tested in 36 military pilots（72 ears）
with noise exposure history but no complaints of hearing loss. Conventional test frequencies（0.25-8 kHz）and ex⁃
tended high frequencies（EHF, 10 and 12.5 kHz）were included in audiometry. White noise and pure tones at 0.5, 1,
2, and 4 kHz were used for acoustic reflex tests. Twenty normal hearing subjects（40 ears）with no exposure to occu⁃
pational noise were used as controls. Results Pure tone thresholds at all conventional frequencies and at EHFs were
elevated in the pilots, with the maximum shift at 4 kHz, compared with controls（p< 0.01）. The pilots also showed ele⁃
vated ART to white noise and decreased differentials between white noise and pure tone ARTs（p< 0.01）. Conclu⁃
sion Early signs of NIHL are present in some symptom-free military pilots. High frequency hearing threshold shift,
elevated white noise ART and decreased differential between white noise and pure tone ARTs may be objective indi⁃
cators of early NIHL.
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Introduction
Noise-induced hearing loss（NIHL）has been docu⁃
mented in as early as the 16th century. However, the
protection of hearing has not been adequately addressed
for the past more than three centurie. during which the
jet engine was invented and resulted in policy develop⁃
ment addressing prevention of hearing loss［1］. Aviators
are commonly exposed to harmful levels of noise and
hearing loss induced by aviation noise has been well rec⁃
ognized. NIHL reflects both the intensity of the noise
and the duration of exposure［2］. Studies have showed
that early NIHL is characterised by elevation of hearing
thresholds in high frequency range［3, 4］and by a decrease
in the difference between acoustic reflex threshold
（ART）to white noise and ART to pure tone stimuli［5-7］.
It has been suggested that extended high-frequency
（EHF）audiometry is more sensitive than conventional
audiometry in detecting early hearing impairment in⁃
duced by noise［8］.
We have found in practice that some military pilots
without hearing complaints show mild hearing impair⁃
ment on routine hearing tests during their annual physi⁃
cal examinations, which is suspected to be a result of air⁃
craft noise exposure. In the present study, hearing in a
number of military pilots without hearing complaints
was evaluated by EHF audiometry and ART tests, in an
effort to reveal early signs of NIHL.
Materials and Methods
1 Subjects
The study protocol was approved by the Human Re⁃
search Ethics Committee, Chinese PLA Air Force Gener⁃
al Hospital. Thirty-six military pilots without com⁃
plaints of hearing loss were selected from aircrew mem⁃
bers undergoing annual physical examinations. All of
them were male, with their ages ranging from 26 to 41
years（mean = 32.8 years）. Twenty-six of them were
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fighter pilots, six were strike fighter pilots, two were
transporter pilots, one was a bomber pilot and one was a
helicopter pilot. They had logged 300 to 3200 flying
hours（mean = 1510.7 hours）. Twenty normal hearing
subjects with no history of aberrant noise exposure were
selected from volunteering hospital staff members as
controls. To be comparable to the pilot group, these were
also all males with an age range from 18 to 40 years
（mean=25.4 years）. Both groups underwent screening
with health history, otological examination and tympnom⁃
etry. All subjects completed questionnaire on history of
head injury, ear diseases, dizziness, use of ototoxic
drugs, nervous system diseases, vascular diseases, diabe⁃
tes and other conditions that might have affected their
hearing. The subjects were instructed to suspend use of
alcohol or sedation drugs for at least three days before
the hearing tests. All subjects showed normal external
ear canals, tympanic membranes and type-A tympano⁃
grames on screening.
2 Audiometry and acoustic reflex threshold measure⁃
ment
An audiometer（Model ORBITER922, Madsen Inc.,
Denmark）was used for air-conduction pure tone thresh⁃
old testing. Test frequencies included six conventional
frequencies（0.25, 0.5, 1, 2, 4 and 8 kHz）and two EHFs
（10 and 12.5 kHz）. A middle ear analyzer（Model ZODI⁃
AC901, Madsen Inc., Denmark）was used for ART test⁃
ing. White noise and pure tones at 0.5, 1, 2 and 4 kHz
were presented contralaterally at 50-125 dB HL（with a
5 dB step）for 3 seconds. The test equipments were cali⁃
brated on a regular basis. The tests were conducted by a
certified audiologist in a sound booth with background
noise levels at 15 dB SPL or lower.
3 Statistics
Mean air-conduction pure tone thresholds at all test⁃
ed frequencies, mean ARTs to white noise and pure tone
stimuli, and mean differences between ART to white
noise and ARTs to pure tones were compared between
the pilot and control groups using the unpaired,
two-tailed Student’s t-test, or t1e Welch unpaired
t-test, when the standard deviations were significantly
different.
Results
1 Pure tone thresholds
As showed in Fiure 1, mean air-conduction pure tone
thresholds in the pilot group were elevated at all conven⁃
tional frequencies as compared with those in the control
group (p < 0.01). Maximum of threshold elevation oc⁃
curred at 4 kHz, producing in a slight‘notch’on the au⁃
diogram. Thresholds at EHFs of 10 and 12.5 kHz were
also elevated in the pilot group compared to those of the
control group (p<0.01).
2 ART to white noise
The mean ART to white noise stimulation in the pilot
group was higher than that in the control group（p <
0.01）. While the mean ARTs to pure tone stimuli in the
pilot group were also slightly higher than those in the
control group（Table 1）, the differences were not statisti⁃
cally significant.
3 Difference between white noise and pure tone ARTs
In the pilot group, the elevated white noise ART re⁃
sulted in a decrease in the difference between white
noise and pure tone ARTs. The mean differences be⁃
tween white noise and pure tone ARTs in this group
were smaller than those in the control group（p < 0.01,
Table 2）.
Discussion
Occupational noise exposure can cause slow and pro⁃
Groups
Control
Pilots
n
40
72
0.5 kHz
92.5±8.7
95.6±6.9
1 kHz
91.9±7.2
96.1±7.5
2 kHz
91.4±8.0
97.7±7.3
4 kHz
93.1±9.7
98.5±10.0
WN
81.8±10.2
92.9±8.5*
WN: white noise, * P<0.01.
Table 1 Acoustic reflex thresholds (dB HL, mean ± SD)
Groups
Control
Pilots
n
40
72
0.5 kHz-WN
10.8 ± 8.4
2.7±9.8*
1 kHz-WN
10.1 ± 9.0
3.2±8.1*
2 kHz-WN
9.6 ± 8.8
4.8±8.4*
4 kHz-WN
11.3 ± 9.9
5.6±9.0*
Table 2 Acoustic reflex threshold differences between WN
and pure tones（dB HL, mean ± SD）
WN: white noise, * P<0.01
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gressive hearing impairment or NIHL, which is a sensori⁃
neural hearing loss resulting from damage to the sensory
hair cells in the cochlea. Limited exposures to noise may
result in a temporary increase in hearing thresholds that
gradually disappears over a period of relative quiet time,
and continued or repeated exposures to noise level in ex⁃
cess of 85 dBA will eventually lead to an irreversible
hearing loss［2, 9］. NIHL is a function of the intensity of
noise or the duration of exposure. It is however not lin⁃
ear with respect to duration of exposure and individuals
may experience a disproportionate hearing loss in the
early years of exposure［2］. Although increasing numbers
of preventive measures against noise damages have been
put in place, milatary pilots continue to be subjected to
potentially harmful levels of noise. The actual conse⁃
quences of such exposure remain poorly documented.
1 Early insidious noise-induced hearing loss in pilots
Military aircrew members are commonly exposed to
high levels of noise in their working environment. Noise
levels range from 108-110 dBA in the jet fighter cockpit
［10］, and 80.2-99.5 dBA for helicopters［11］. Studies have
showed that noise exposure during one flight mission of
30 to 60 minutes can result in temporary hearing thresh⁃
old shifts for aviators in military aircrafts［12］. Some avia⁃
tors, over the course of their aviation career, develop NI⁃
HL. A report showed that only 71% of French pilots of
ages 20-40 years had normal hearing［13］. NIHL may
influence aviators’ability to perform required tasks. For
example, hearing loss can potentially compromise their
speech communication. Aviators with profound hearing
loss that may affect flight safety are medically terminat⁃
ed from aviation service. It has been reported previously
that NIHL is a common medical cause of permanent
grounding, accounting for 19(13.1 % ) of 145 aircrew
members permanently grounded for various otolaryngo⁃
logical diseases at the Chinese PLA Air Force General
Hospital between 1961 and 1990［14］.
Although NIHL may involve a broad frequency spec⁃
trum, it typically manifests initially at 4- 6 kHz. The
hearing threshold“notch”on the audiogram at 4-6 kHz
deepens with continued noise exposure, and the hear⁃
ing loss gradually spreads to lower and higher
frequencies［15］. NIHL is clearly evident after 3- 5 years
of noise exposure. The rate of change in hearing at
4 kHz is on average 1.5 dB·yr -1, compared to 0.5 dB·
yr -1 in non-noise exposed individuals［16］. The present
study showed that pure tone hearing thresholds were ele⁃
vated in military pilots, compared to a none-noise ex⁃
posed population, even though they had no complaints
of hearing difficulties. The threshold elevation was pre⁃
dominately at 4 kHz(in excess of 25 dB HL), consistent
with existence of early NIHL. It should be pointed out
that, the hearing threshold differences between the two
groups may have included a 3.5 dB age-related change,
given the mean age of the pilot group was 7 years older
than the control group.
Because early NIHL mainly occurs in high frequency
range beyond speech frequencies of 0.5-2 kHz, some pi⁃
lots with mild noise-induced hearing change may not be
aware of the loss, leading to undetected early NIHL.
In our practice, only the conventional frequencies of
0.25, 0.5, 1, 2, 4 and 8 kHz are included in routine pure
tone audiometry for aviators. Recently reports suggest
that abnormal hearing levels at high frequencies with a
notch at 6 kHz are present in all fighter, transporter and
helicopter pilots. Additional hearing loss at 3 kHz has
been reported in helicopter pilots［13］. For this reason,
pure tone threshold measurement at 6 and 3 kHz should
be included in routine audiometry for pilots.
The magnitude of hearing loss induced by noise expo⁃
sure usually depends on the noise level, daily expo⁃
sure duration and use of personal hearing
protection［15］. Noise exposure conditions can vary among
different aircrafts. Pilots flying jet fighters and helicop⁃
ters are at a higher risk of NIHL compared with pilots
flying transporter aircrafts［13］. Because the vast majority
of study subjects in the present study are jet fighter pi⁃
lots, it is impossible to study early NIHL across different
types of aircrafts. Studies have shown that some pilots
do not use hearing protection devices on a regular basis
because of concerns over interference with detection
and localization of auditory warnings, reception of or⁃
ders and exchange of information［17］. This
can be a contributing factor to their noise-related hear⁃
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ing impairment.
2 Elevation of extended high frequency threshold in pi⁃
lots with early noise-induced hearing loss
Research has showed that testing of pure tone thresh⁃
olds at EHF higher than 8 kHz are helpful for detecting
and monitoring development of early noise-induced
hearing impairment［3, 4, 8］. The elevated pure tone thresh⁃
olds at EHFs found in symptom-free pilots in the pres⁃
ent study support the utility of EHF threshold testing as
a useful tool in management of early NIHL.We recom⁃
mend that EHF testing be included in routine audiome⁃
try for aviators.
Even at an early stage, hearing threshold shift at 4
kHz was shown to be greater than other frequencies in⁃
cluding EHFs in the pilot group, indicating threshold
change at 4 kHz is a sensitive indicator for early NIHL.
（Figure 1）.
3. Elevation of ART to white noise and decrease in differ⁃
ence between white noise and pure tone ARTs in early
noise-induced hearing loss
Elevation of pure tone thresholds in patients with hear⁃
ing impairment is usually accompanied by elevation of
ART. In the normal ears, ARTs are 90 to 95 dB SPL for
pure tones and 70 to 75 dB SPL for white noise. The low⁃
er ART to white noise is thought to reflect the difference
in band energy between white noise and pure tone. In
ears with sensorineural hearing loss including NIHL, the
increase of critical band width leads to greater elevation
in ART for white noise than for tones［6, 7］, and therefore
decreased difference between ART for white noise and
ARTs for pure tones. This phenomenon can be detected
on a routine audiometric evaluation before a patient with
NIHL starts to have hearing complaints. It can therefore
be used as an objective and sensitive indicator for de⁃
tecting early NIHL and for monitoring noise-induced
hearing damage［5-7］. The authors believe that the de⁃
creased difference between white noise ART and pure
tone ARTs observed in the pilot subjects in this study
represents early NIHL.
Conclusion
The present study provides evidence suggesting exis⁃
tence of early NIHL in some symptom-free military pi⁃
lots. Our findings indicate that both flight surgeons and
pilots need to raise their awareness of early NIHL. The
study also demonstrates the importance of hearing moni⁃
toring in noise-exposed pilots, using serial audiometry,
EHF audiometry and ART testing on a regular basis, to
detect early insidious NIHL.
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